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Silicone Aminopolyallcyleiieoxide Block Copolymers 

This application claims priority from U.S. Provisional Application No. 60/012,732 filed 
March 4. 1996- 

Backgrottod of the Invention 

Non-hydrolyzable siloxane-polyalkyleneoxidc block copolymers of the (AB)bA type, i.e., 
with aUemating siloxane and organic, mostly polyether, blocks, ore known in the prior art. 
Methods of preparation of such copolymers is provided in U.S. Patent No. 4,242,466. U.S. 
Patent No. 4,833,225 discloses (AB)„A type silicone polyquats derived from an cpoxy endblockcd 
polysiloxane and low molecular weight diamines with tcrtiaiy amino endgroups. The resulting 
copolymers therein are polyquatcmaiy and do not contain polyalkyleneoxide units in the 
structure. 

U.S. Patent No. 4,101,272 provides aprocess for improving properties of fibrous 
matcaials, in which these materials are treated with a composition of epoxy modified 
polyorganosiloxanes and polyamines with two or more primary and/or secondary amino groups, 
which leact in situ to form a crosslinkcd, non-linear network. The network fomtuition is essential 
to achieve desired shrinkage control and/or durability to dry-cleaning. 

It is also known that fluorochemicals, such as SCOTCHGARD* FC.248 (3M), are 
effective soil release treatments for textile substrates. However, fabrics treated with 
SCOTCHGARD* FC-248, especially in combination with durable press finishes, become very 
harsh and unpleasant to wear. Although improvement in "hand" is desirable, according to the 
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SCOTCHGARD-FC-248 Product Bulletin. polyaloxan« «e believed to severely ulTect 
perfofinance properties of Uie fluorochemical. 

Suotmliry of the InveWlon 

The present invention discloses non-hydrolyzri,le. block. (ABW type, copolymers 
eon^rising oltenutting units of polysiloxane «d »uno^»ly-kyle»=oxiae «k. provides . method 
for the prep«.tion of these copolymers. Also provided is the use of these copolymer, as 
softeners, in particular durable, hydrophflic texdl. «,fte..rs, which improve W^l. prop«ti.s of 
the textite substr^es .re«cd «ith the commercial soil release finishes, wifltou. d-racdng ftom 
U,eir properties. Other uses include treaUng reWively hydn.phobic substr-res such woven and 
^..«oven «rb«nues to impan du.-,le softness «.d hydrophilieity thereto. Other uses include 
personal care formulation, these copolymers. «^ substrates which have been tre«ed 

with these copolymers. 

Detailed Description of the Invention 
A. Copolymer Structure 

Tl.e copolymers of the present inventKm have altanating unit, of poly,ilo»ne 
(X(CH,.OXRn(SiO(R').)3i(R')*'(OCJi.WC) and polyalkyleneoxide, tYO(CH„0).Y) 
wherein r' is a C, to O aUcyl. preferably methyl. R' is a divalent org«uc moiety. X ««l Y are 
divalent org«.ic group, selected ftom a secondary or .erti«y amine and a ring opened epoxide. 

^ Y is an amine and vice versa, a is 2 to 4, preferably 2 

such that when X is a ring opened epoxide, Y is an wmn 

f K n tn 100 d is 0 to 100. (b + d) is 1 to 100, preferably 10 to 50, and c 
to 3, each occurrence of b is 0 to lOU, a is u lo i w, v / 
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is , .„ 500. preferably ID ,« 100. TTe «,... number of rcpcatiog u,«« is linu.ed only by .be abi.i^ 
.o bandle bigh viseosUy maleHal. since .he vi,eo,i.y increase, « does .be number of uniis. bu. 
pracically .ber. should be a. leas, .wo of eaeb uni. and may be up .o 1.000 uni.,. 1. is preferred 
lhat .be uni. con..ininE ftc «ninc should be .he ^nninal uniu of ft. copolymer. i.e. *e A i. 
(AB).A. 

The ring opened epoxides, represenicd by eiUier X or Y. may be aliphalic cyclodiph«ic. 
a,.d .nay conuin aromaUc rings. Hiey also conuin hydroxy gioups «ul may conuin an elher 
linkage. Preferably Ihc ring opened epoxide is chosen from .be following: 
-CH,CH(OHXCII.).CH(OH)CHj-. -ClUCIl,OH](aJ.).CH(CH,OHl-. 
.C.l.ClKOH)(C110.CIIlCII,OHl-.-(ClW.-OCH.CII(OH)CH,-.-(CH.).OCll.CII(Cn^ 

Witt, V - 2 «> 6. Al.ema.ively. fte ring opened epoxides may be derived from .he following 
epoxycyclohexyl alkylene groups. <i>-(3.4-epoxycyclohexyl)allcyl«>e. 
p.(3.4.epoxycyelohe.yl)e*ylene. p.(3.1^xycyclohexy1)-P-me.hyleU.ylene. umI 
P-(3,4-epoxy-4-mcdiylcyclolicxyl>P-mettiyleftylene. 

The wnines. represen.ed by ei.her X or V. are secondary or .eriiary «nines. More 
specifically, fte Amines may be offtetype .R'N(R'KR').-. Were R' may be «. alkyl group witt> 1 
,o 4 carbons or Jydrogen. mos. preferably .nchyl. «.d R' is m alkylene. eyclo.liph.tic .Ikylcne or 
«. amikylene grbup. which may include he.eroa.oms. tt«ugh .n .Ikylene of less ttum .en carbons 

is preferred, and g may be 0 or I . 

R» is a divalent hydrocarbon group vvilh at least one carbon, which may have hydro,cy 
substitutions thereon and/or include an ether linkage. It is preferred that it contain less than ten 
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c„boos. WM.in.p»ti,:al.r(AB)^molcculee«hR'.R'.R'»dR'™>bcU-c,™eor 

diffcxcnl- 

The polyoxyrtkylene block, repr««ntcd by (03^0) or (OCft.) may be o««te up of 
ctt^yicne oxide (» = 2). propylene oxide (a = 3) and botylene oxide (a = 4) in a ™>dom or blocked 
fasbion. -n* ratio «T»ng «.cb oxides is no. of particuto importance, bu. may be «ijusted as 
required for the desired solubilily parameters of the resulting copolymer. 

TTc molecular weight ofthe «*olyme« can be modif.«l by varying the moUr ratio of the 
epoxy component to amino component, by va.ying the number of oxyalkylene unit, and the 
number of siloxy groups within the polysUoxane blocks. AlO-ough it is impottant to genemte 
materials with high molecular weight because properties cs«nm to the applieaaon. such as 
soflnes. and dumbflity, are dependent upon .he molecular weight ofd* polymer. « U abo 
essential to pn.duce. non-ctossHnked structures, U. only linear molecules. 

A«o*er important factor conholling «.e prop«ties of the copolymer, is n»l«ive »licone 
content in d>e molecule. i.e.. the values of c ««l (b * d). Higher siUcone content copolymers are 
„,«,ly mo« hydrophobic, therefore less water soluble «.d imp»t better «,taes. A preferred 
ratio ofcto(b -Hi) is 10:1 to 1:10. and most preferably 2. 1. 

The copolymers arc tennin«ed with hydrogen, when the terminal groups are ring open«J 
epoxides. When the terminal groups are .mines as describ«i herein, .he «>polymer. «. 
temunated vnth primary aor secondly amine groups. 

A p»ticulariy preferred copolymer may be of the following formula : 
KN(R'KCai..O).CH(CH,)CH.N(R')(CH,CH(OH)CH.O(CH,WSiOCR').).«^^^ 

CH(0H)CH,-N(R'«C.H,.0>,CH,CH(CH,)N(R')1,H. (1) 
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•y • is at least two and may be as high as allowable within the art of manufacturing high viscosity 
compositions and thus may range from 2 to about 1.000. depending on the values of b and c in 
formula (I). 

B. Method of Manufacture 
5 Preparation of the compounds of the present invention is by reacting two species 

Q(CJJ,.0)kRH(SiO(R'),]eSi(R')2R'(OC.H2.KQ and polyalkyleneoxidcs [ZO(CbHabO)aZ], which 
are the same as the fonnulae above except that each Q and Z are either a primary or secondary 
amine or an epoxide containing group, with the proviso that if Q contains an amine, Z contains an 
epoxide and vice versa. These species may be manufactured as is known in the art or are 

10 commercially available. 

In an exemplary process. a,a>- hydrogenpolysUoxanes of the general fonnula 

H(SiO(R')j),Si(R')2H are reacted with the unsaturated epoxides with a terminal olefinic bond. 

such as allyl glycidyl ether, in the presence of a bydrosilation catalyst, such as for example 

hcxachloroplatinic acid, at elevated temperature, to produce epoxy endblocked polysUoxanes. 
15 Such procedures are known in the art as indicated in U.S. Patent No. 3.761,444 or British Patent 

No. 1,213,779. Examples of suitable epoxides with terminal olefinic groups are given below: 



CHi=CH-CHr-0-CH-HCH» 



CHi=Cl 




20 



CH,=C- 
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,„ .h. ,cco«d step. U.C cpoxy endblock«i poIy,na«..s ^ reacted with poly.lkyl««.xidcs 
«^„cd wtb prim^,- or secondly «nino group. Such .^i^polylkyleneoxide, « 
represented by JEFFAMINE* ED-900 and JEFFAMINE* £0-2001 .v«l*le from Huntsn»n Co. 
and ™y be of the foUowing s,n.c.ure: H,NCH(CH.)CH,(OCH„).OCH,CH(CH,)NH, (.1). 
The reaction i, carried out in a suitable «,lvent, such as alcobol or nurture of alcohol ^ water at 
reflux. Typically, epoxy codblocked polysiloxane, .r. «id«l to .be «.luUon of the «nine in the 
reaction solvent 

Staularly. die a.a.hydrogensik,x«.e rnay be hydmsUat^i wth ». rflyl ««.ed q»xy 
.ennina.«Jpolyoxy.lkyleneoxid.asisknownin.he»t Said epoxy terminat^l composition, 
.hen may be «acted diamines (e.g.. ethylene di-nlne. ..<i-diaminohex«». pipoazine) to link 
U.e polyether silox«.e units together. Other method, of man»f«=«™g .he «»eture, wiU 

be clear to one of skill in the art. 

For practical purposes, the reaction is c«ried out with an 1 to 30%. prefe^bl, 1 to 10-/.. 
excess of U.e -nine containing species. Despite d.e fact that the excess of the amine is «s»S 
during *e preparation of ti.e copolymers and ti.. m^ority of the endgroup, is expected to be 
amines, it i, possible that the epoxy end group on the polysiloxane can undergo side reaction, 
with the solvent, water or alcohol to fom. the corresponding diol or ca«r alcohol. 

After the reaction. U.e solution of the copolymer «m be neutralixed by a direct -iditkm of 
ti.e Bn«s«dt acid such as acetic acid, citric acid or ta«aric «=id. undergo so.«nt exchange with a 
uon-nammable solvent such as water, propylene glycol, dipropylene glycol and dip»pyle.e glycol 
„,ethyl eU»r. A reaction product can be also isolated by distaiing off the solvent at atmospbenc 
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or rcducrf p^ssme; depemBng on to molecule weight »d e*yl»e <»ide 
copolymer it may be a viscous oil or a wax. 
C. Copolymer Uses 

The copolymers of tt.e pn»«,t to«nUon ». pri™rily intended « 5ofteneB for »bs.r«es. 
espeeirily fiber, hair and .exdles. and p«lic»l.rly in stain release formulation, incoiporadng . 
nuo«.chemieal. WhOe the copolymers ofthe present invention c«a b. used neat, for ease of 
H,pUca.ion they are usurfly applied to the substrates dissolved, dispersed or emuWIied to a 
suitable Uquid medium. Preferably, flte copolymer, ofthe present invention are applied to . 
«,bstrale ftom aqueous solution, emulsion or suspenrion. They may -so be applied as a 
solution in a «m.«,ueous «.lvent such a, i«.p.opanol. or in Uquid in which the copolymer is 
™i«ible. Most preferably, the copolymer is appUed to a substrate as «. aqueous dispersion. 

Aqueous emulsions of the copolymers «e prepar«l by combining the copolymer with one 
or more emulsiHers such as nonionic surfactants «ul diluted with water to the desired 
concentntfion. Nonionic BirfacUmts commonly employed in such emulsions can inctode. for 
example. TERGITOL* »urf«>.«.ts available ftom Union Carbide Chemical, and PUstic, Co.. Inc. 

Stable aqueous dispen>ion, ofthe copolymer, can be, for example, prepared by direcUy 
blendingormJnga»lution ofthe copolymer inthe water miscible«-v««.»»h.,i«.pn,p.nol. 

propylene glycoll dipropylen. glycol and dipropylcne gly«,l methyl ether, with w«er to obUun 

I 

desired copolymer level. 

Thus prepared dispersions, emulsions or solutions can be applied onto the «.bstr.te such 
a, by spraying, dipping or kiss roll application or other appKcation m«hcd typicaUy employed in 
fiber, hair or textUe treatment. The substrate which can be treated with the copolymers ofthe 
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present invcntioii is exemplified by natural fibers such as hair, cotton, silk, flax, ccUulose, paper 
(including tissue paper) and wool; synthetic fibers such as polyester, polyamide. polyacrylonitrile, 
polyethylene, polypropylene and polyurethane; and inorganic fibers such as glass or carbon fibers. 
The fabric substrate which can be treated with the copolymers of the present invention is 
exemplified by the fabric produced fiom the above-mentioned fibrous materials or blends thereof. 

In general the dispersion is applied on skin, hair, fiber or textile such that up to 5%, 
preferable 0.25 to 2.5% of the copolymer by weight of the dry substrate remains on the substrate. 
Optionally other additives, commonly used to treat hair or textile substrates can be employed 
along with the copolymers of the present invention, including but not limited to additional 
surfactants, curing resins, preservatives, dyes, colorants, fonnularies, and/or pcrnuorinated 
stain/soil release finishes. 



Moreover, compositions including the [ AB]„A copolymers of the present invention may be 
used in personal care foimulations. including cleansers, body washes, soaps, lotions, creams, 
15 shaving cream, hair sprays, conditioners, shampoos, deodorants, moisturizers, and sunblocks. 
The copolymere of the present inventon can be formulated into these or other products 
together with one or more anionic surfactants, one or more amphotcris surfactants, one or more 
nonionic surfactants, and/or one or more thickeners. 

Suitable anionic surfactants include sulfonaycd and sulfated alkyl, aralkyl and alkaiyl 
20 anionic compounds; alkyl succinates; alkyl sulfosuccinates; and N-alkanoylsarcosinates. 

Preferred are the sodium, magnesium, ammonium, and the mono-, di- and triethanolamine salts of 
alkaryl sulfonates. The alkyl groups preferably contain 8 to 22 carbon atoms. Sulfate ethers are 
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contemplated, preferably containing 1 to 10 ethylene oxide and/or propylene oxide units. 
Preferred examples of anionic surfactants include sodium lauryl sulfate, sodium lauiyl ether 
sulfate, ammonium lauiyl sulfate, triethanolamine lauiyl sulfate, sodium 014-16 olefin sulfonate, 
ammonim pareth.25 sulfate, sodium myristyl ether sulfate, ammonium lauiyl ether sulfate, 
5 disodium monooleamido-sulfosuccinate. ammonium lauiyl sulfosuccinate. sodium dodecylbcnzenc 
sulfonate, triethanolamine dodecylbenzcne sulfonate and sodium N-lauroyl sarcosinate. 

Eamples of amphoteric surfactants with which the copolymers of the present invention can 
be formulated include cocoamphocarboxyglycinate, cocoamphocarboxypropionate. cocobetaine, 
N-cocoamidopropyldimethylglycine, and N-lauiyl-N'-carboxymethyl-N*-(2- 
1 0 hydroxyethyDcthylenediamine. as weU as the betaine and sultaine compounds disclosed in the 
CTFA Dictionary as useful in personal care products. 

Examples of useful nonionic surfactants with which the copolymers of the present 
invention can be formulated include fatty acid mono- and dialkanolamides in which the fatty 
portion preferably contains 10-21 carbon atoms, and amine oxides such as N-alkyl amine oxides. 
15 A typical shampoo foraiulation contains about 3 to 30 weight percent of an anionic and/or 

amphoteric surfactant component. 0. 1 to 1 0 weight percent of a nonionic surfactant component, 
together with 0. 1 L 20 weight percent of one or more copolymers of the present invention, and 
water, preferably llso vnth an effective amount on the order of 0.1 to 5 weight percent of a 
thickener, examples of thickeners include sodium alginate, gum arabic. polyoxyethylcne, guar 
20 gum, hydroxypropyl guar gum. cellulosics such as methyl cellulose, mcthylhydioxypropyl 

cellulose, and hydroxypropylcellulose, starch derivatives such as hydroxyethylamylose. locust 
bean gum. and polysaccharides. 
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EXAMPLES 

Synthetic procedures for the preparaUon of the copolymers of the invention, as well as 
their application are described in the following examples, which are provided by way of 
5 illustration and not by way of limitation. 



EXAMPLE 1 Preparation of tbe (AB)^ Copolymers of the InventloD 

In a IL 4-neck flask equipped with stirrer, addition fimnel and reflux condenser, 
ouovhydrogensiloxane (charges provided in Table 1 corresponding to a molar excess of the 
epoxide) of the general formula HSi(CH3),0[Si(CH,),0]pSi(CH3),H was heated to 80»C. A slow 
addition of the allyl glycidyl ether started at SO'C after chloroplatinic acid (5 to 10 ppm as Pt) was 
added to the poL The temperature was maintained at 80 to 90-C until no SiH could be detected. 
The excess allyl glycidyl ether was removed by vacuum strip at 50 mm Hg and 120-C; the 
resulting epoxy endblocked fluid was characterized by its epoxy equivalent weight . 



10 



IS 



20 



Table 1 - Charges for the Preparation of the Epoxyendblocked Polysiiomanes 

p SiH Charge (g) Allyl Glycidyl Designation of Epo^;,^"*^^^^^ 

Ether Charge (g) the Epoxy Fluid Weight (g) 

20 500 91.7 A-20 781-3 

50 500 31.2 A.50 2127 

75 500 21.0 A-75 3030 

100 500 15.9 A-lOO 3703 

150 500 11^ A-150 4761 

m a second step, the aminopolyalkylcneoxidc (5% molar excess) [JEFFAMINE* ED-900 is 

pursuant to Formula 11 above with a = 2.5 and b =15.5 and JEFFAMINE* ED 2001 is pursuant to 

Formula II above with a = 2.5 and b = 40.5] detailed charges provided in Table 2 and a sufficient 
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amount 2-propanol to make a SO'/. soluUon of the final copolymer, were placed in a IL four neck 
flask, equipped with a stirrer, addition funnel, reflux condenser and theim«neter. The 
temperature of the reaction mirture was adjusted to SO'C and an a,a>^epoxysiloxane was added 
from an addition funnel in three portions, allowing 1-2 hrs between additions. The reaction was 
iplete when the epoxy functionality, determined by titration, was consumed. 



comi 



Tabic 2. Charges for the Preparation of the (AB).A Copolymers 

Starting Epoxy Charge of the JEFFAMINE® JEFFAMINE® 
Fhiid Epoxy SiUcone ED-900 ED-2001 



A-20 
A-20 
A-50 
A-50 
A-75 
A- 100 
A- 100 
A- 150 



(g) 
50 
50 
100 
100 
200 
300 
300 
200 



(8) 
30.5 

30.0 
40.1 



(8) 
69.8 

61.0 
75.5 

94.5 
49.0 



Designalicm of 
the Copolymer 

AB-20-18 
AB-20-43 
AB-50-18 
AB-50-43 
AB-75-43 
AB- 100-1 8 
AB-1 00-43 
AB- 150-43 



EXAMPLE 2 Testing Softening Properties of (AB)„A Copolymers. 

In this example the test fabric and test procedures used were as foUows: 

• Bleatihed Cotton Interlock Knit, Style 460 (Test Fabrics Inc.. Middlesex NJ) 
Test Procedures 

• Conditioning Textiles for Testing, ASTM Method D-1 776-79 
. Absorbency of Bleached Textiles. AATCC Method 79-1992 

. Softness evaluation was done by the hand panel and the tested fabrics were ranked 
from the softest to the harshest ( 1 being the softest). 
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Selected copolymers of the present invention (as solutions in isopropanol), MAGNASOFT* 
PLUS (contn,l, commercial premium amino softener from OSi Specialties. Inc. of Danbury, CT) 
and MAGNASOF1* HSSD (contn,!. hydrophiUc softener with pendant polyalkyleneoxide and 
amino groups fiom OSi Specialties) were applied onto 100% cotton knit from the pad bath. A 
durable press resin (methylated dimethyloldihydroxyethylene urea, which is commerciaUy 
available) and curing catalyst (magnesium chloride) were used with all treatments to simulate 
typical textile finishing procedure. The softener concentration in the fmishing composition was 
such that the effective add-on level on the fabric was 1%; curing conditions were ni'C for 
1 .5 minutes. Softening and absorbency data are summarized in Table 3. 

Table 3 Softness XUnking andWettabUlty 

Softener Softness Ranking Wetting time (sec) 



20 



3.5 
4.0 
7.0 
66.0 
l.O 



AB- 150-43 3 

AB-1 00-43 2 

AB-75-43 ^ 

MAGNASOFT* Plus ^ 

MAGNASOFT* HSSD 5 

' Higher reneclance values conespond to whUcr fabrics 
1 5 ' Lower tanks conespond to softer fabrics 

Table 3 demonstrates that (AB)„ A copolymers, in the presence of the durable press resin provided 
softening properties superior to MAGNASOFT* HSSD silicone and wetting properties superior 
to MAGNASOFT* PLUS silicone. 



EXAMPLE 3. Testing Hair Conditioning Properties 
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In a side -by-side comparison test, one half of an amount of human hair was washed with a 
control shampoo and the other half was washed using a conditioning shampoo containing die 
present disclosed product. Combability. appearance and fly-away data are summarized in Table 4. 



Control Shampoo Conditioning Shampoo 



SHAMPOO PREPARATION: 

Ammonium Lauryl Sulfate, 28% 
Lauramide DEA 

PEG- 120 Methyl Glucose Dioleate 
"Glucamate" DOE- 120* 
AB-1 00-43 (25% in dipropylene glycol) 
Citric Acid, anhydrous 
Cocamidopropyl Betaine, 35% 
Dimethicone Copolyol, 
SILWET® surfactant L-7657'' 
Deionized Water 
PresNvative 

a: Amerchol 

b: OSi Specialties. Inc. 

Procedure: Water was mixed with ammonium lauiyl sulfate. The solution was heated to 45« C 
and the remaining ingredients were added in the order listed, waiting for each ingredient to 
dissolve before Adding the next. Preservative was added after cooling the formulation to room 

temperature. 



(Wt%) 


(Wt%) 


35.0 


35.0 


3.0 


3.0 


2.0 


2.0 


12.0 




0.4 


0.4 


10.0 


lO.O 


2.5 


2.5 


qs 


qs 


qs 


qs 



13 

SUBSTITUTE SHEET (RULE 26) 



PCT/US97A>3365 

WO 97/32917 ^ 

Table 4. Properties of Hair treated with Copolymer AB-10«M3 

COMBABILITY COMB^ILITY APPEARANCE 
TREATMENT ^^WE^^^ „S) ^^^^^^^ 



Control 2.7 

4.8 



5.0 100 

silky soft. 

Conditioning p q 5.0 glossy 

Shampoo ^-^ 

„.i. washed with 0>e co^Jitioning shampoo h«l improved we. ^ =on*.biU.y. pnwided 
better gloss end reduced electroslMic dMrge. 

EXAMPIX 4. Tesu.. (AB).A Copolymer, in C.mbi..Uon «..h S..ln R.l.». Ag«. 

,„ *is e^nple ^ rele«e .gent, test fabric and test procedures used were as f.Uow,: 

. n.rrnr.rlT,m -"'"'"""°A°en« - SCOTCHQARD' FC-24« fluo.oc.rbon. 30% 
aqueous dispersion (3M) 

Kl-it. style 460; 65/35 Polyester Cotton Bleached Bro«lclolh. Style 7409 

J^s^ \ procedures 

. sou Release. Oily SUiin Release AATCC Method 130-1990 

. Coi«iiUoning Textiles for Tcstittg. ASTM Method D.1776.79 

. Ren«:tance. Blue and Whiteness of the Bte«=hed Fabric. AATCC Method 1.0.1979 

X. *u« v,o«rl nanel and the tested fabrics were ranked 
• Softness evaluation was done by the hand panel ana ine xeswu 

from the softest to the harshest ( 1 being the softest), 
selected inventive copolymers. MAGNASOFT- PLUS (control, commercial premium 
amino softener) and MAGN ASOFI^ HSSD (control, hydrophilio softener with pendant 
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5) Silicones were padded onto 100% cotton knit and 100% 



polyaUcylcncoxide and amino groups) 
ootton woven, in combination wi.h SCOTCHOARD* FC248. A durable press resin (meftylaud 
dimethyloldihyd™xyefl.yl.nearea, which is conm.erci.lly available) and curing eamlyst 
(nuenesium ohloride) were used wiU. all -eahnenB to simuto. Wical ttxUle finishing procedure. 
The softener «u. s«.in release agen. concentraUons in the Bnishing composition were such U». U>e 
effective actives .ddK«. levels on the fabric were 0.5% (BOWF): curing conditions were IVl'C 
for 1.5 minutes- 

Whiteness of the treated fabrics was dctennined using a spectrocolorimeter from Hunter 
Lab. Softness and reflectance data are given in Table 5. 
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Table 5. ReflecUoce and Softness D.U f.r Fabric. Tr....- wl* (ABVV Cpolyn-er, «hI 



IS 



Control Softeners 



FINISH 



AB-20-18 
AB-20-43 
AB-50-18 
AB-75-43 
AB- 100-1 8 
AB-1 00-43 
AB- 150-43 I 
MAGNASOnf PLUS (control) 
MAGNASOFT* HSSD (control) 
No Silicone 

' Higher values correspond to whiter fabrics 
* Lower ranks correspond to softer fabrics 



100% COTTON KNIT 



Reflectance 
63.8 
73.2 
65,9 
68.6 
71.0 
71.1 
72.0 
69.8 
75.7 
72.9 



' Softness Rank* 
5 
9 
8 
I 

6 
2 
3 
4 
6 
10 
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Based oa the data contained in Table 5, all copolymers of the present invention improved the 

. W of the fabrics treated with the perfluoro stain release fmish v^thout discoloring the fabrics. 

Treated fabrics were subsequenUy stained with dirty motor oil. mineral oU and com oil, 
according to ASTM 130-1990, washed once and evaluated. Stain release ratings for dirty motor 
oil stain are summarized in Table 6. 

Table 6. Stain Release Ratings of Fabrics Treated with Scotchg-rd In Combln.tion with 
(AB).A Copolymers and Conti-ol Softeners 

FINISH STAIN RELEASE RATING' STAIN RELEASE RATING 

FINISH I ^ j^.^ 65^5 Polyester Cotton 

AB-20-18 3.5 

AB-20-43 i-^ 3.75 

AB-50-18 3.5 

AB-75-43 4.0 

AB-100-18 3.75 

AB-100^3 3.5 

AB-150-43 "l'^ 1.5 

MAGNASOFT® PLUS ' 3 5 

MAGNASOFT® HSSD 3 75 

No Silicone ^ '^ 

' Soil Release rating: I =most visible; 5=invisible 

As demonstrated in Table 6, copolymers of the present inventions, are useful as softeners for the 
stain release finishes, since they, unlike traditional hydrophobic softeners, have only minimal effect 
on the performance of the perfluoro chemical. 
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EXAMF1.E 5. Testing (ABW Copolymers for Softening and Wettability of Facial Tissue 

Aqueous solutions or dispersions of the copolymers of the present invention identified in 
Table 7 were spray applied to both sides of conventional 3-ply facial tissue such that 2.0 weight 
percent silicone solids were present on the tissue after air drying. Blind s«nples (including 
controls) were evaluated by 5 panelists and rated for softness, and the average of the ratings for 
each sample were recorded and reported in Table 7. THe rating scale ranged fn,m 1 (softest) to 
,4 (harshest). Also, wettability was tested in accordance with AATCC test pK,tocol 79-1995. 

Table 7. Evaluation of (AB).A Copolymers on S-PIy Facial Tissue 

vimTTAmi ITY sec SOFTNESS RATING 

PRODUCT TESTED WETTABILITY, sec. 

AB-2(M3 

AB- 100-43 

AB-20-18 

AB-50-43 

AB-50-18 

Commercial Silicone 
Softener 

Water Control 

All n»teri.l8 in accord«.ce «ith the pteseot imveniion which were terted *owed 
^cellent softening properties, superior «. «> existing conunercial prcduC «k1 mo.. dK,wed good 

wetting characteristics. 
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EXAMPI.E 6. Hydn,phlUc DurabiHt, .f (AB)^ C.p..yo»r. .« Ncwoven Folypropylen. 

Another me for the copolymers of the present invention is in surfeee ^tic^ to 
normrily hydrophobic sabslrates such >s nonwovcn polypropylene, in order to increase the 
wenability of .he substrate. A ptoduct U«t would be used for this purpose should be able to 
resist being washed off of the substrate when aqueous fluids are applied to the substrate. One 
estabUshed technique for assessing the ability of surface ,re«m«..s toresia. bdng washed offi, to 
^.ply the product. «.d subject it to repeated treatment results") «» "O-""- »'"««»• 
.„n,e.,urethe .mouu. of the pn.duct remaining on the ..bstrate after each in»dt This technique 

was used in this Example. 

Aqueous solutions or dispersions of (AB>.A copolymer, of thepresent invention 
identified in Table 8 were prepared and spray applied to one side of 100% poI«»opylene (0.6S 
oa/yd') nonwovcn fabric such that 0.5% siUcone solid, wa. present on the nonwoven aRer air 
drying. The s»nples. «.d controls, were asscss«l for hydrophilie durability to .epeated insuh. 
(using 0.9% N.CI aqeous sol«ion) using EDANA Test Method .50.3-96 (Uquid Strike Through 
Time), -n,. results .re reported in Table 8. Keeping in mind that U« ohjecHve is to continue to 
impart weaability even after repeated msults. a low numb» in the table is pref«r«l as 
representing a shorter time n.ed». to wet the substrate -.d. «»ording.y. a higher proportion of 
the product remaining on the substrate. 
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Table 8 



. Ev.l«..lon of (AB)^ Cp«Iyo»r. o» 100% P<*rpr.pyl«. Nonwo«n 



Tirrie in Seconds Rj 



No. of Insults = I 




Product Tested: 
AB-20-18 

Silicone Copolymer 
w/Pendant Polyalkoxy 
Chains (control) 

AB-20-43 

Untreated 



14.6 
2.8 

42 

>180 



9.9 
4.0 

32 

>180 



ll.l 
43.1 

30.4 
>180 



12.1 
67.7 

15.0 
>180 



11.3 
93.2 

23.1 
>180 



The data in Table 8 show that the copolymers of the present invention are more 
hydrophilicaUy durable after repeated insults than conventional sUiconeco^^^ 

polyalkyleneoxide side chains. 
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WHAT IS CLAIMED IS: 

1 A copolymer composed of alternating units of polysiloxane of formula (1) 
(X(C.H,.0)bRMSiO(R')z}cSi(R')2R'(0CHj.)bX) (D 

and polyalkylencoxide of formula (2) 
(Y0(C.H2.0)dY) (2) 

v^herein each R« is independently a C, to allcyl group. R' is a divalent organic moiety. X -ad Y 
are divalent organic groups selected fVom the group consisting of secondary and tertiary amines 
end Hng opened epoxides, such that whenXisaring opened epoxide.Yis an amine and vice 

versa,ais2to4.eachoccurrenceofbis0tol00.dis0tol00.(h.d)isltol00.andcislto 
500. 

2. A copolymer according to claim 1 wherein said secondary and tertiary 

©-•MrR^VR*^ - whei«in R' is an alkyl group with I to 4 
amines correspond to the structure -R N(R )(R )g • wnerem 

V Ar^a^ is an aUcylenc. cycloaUphatic alkylene or an aralkylene group 
carbon atoms or hydrogen, k is an autyicuc, j 

which may include heteroatoms, and g may be 0 or I . 

3. A copolymer according to claim I wherein X is a secondary or tertiary 

amine and Y is a ring opened epoxide. 

4. A copolymer according to claim 1 wherein Y is a secondary or tertiary 

amine and X is a rimg opened epoxide. 
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5. A copolymer according to claim 1 which i. of the fonnul. (AB).A 
wherein each A is . u«t of fonnu.. (!) which is temUa-ed with a secondary or .erti^y a„«ne. 
each B is a unit of forcula (2) which is tenruoated wifl^ring open«« epoMde. and n is 2 to 1.000. 

6. A copolyn« according to cla,»« 1 which is of the fonnuta (AB). A 
wherein each A is a unit of formula (2) which is terminated with a secondary or terti»y -nine, 
each B is a unit of fonnula (1) which is terminated with ring evened epoxide, «.d n is 2 to 1,000. 

7. A copolymer according to claim I wherein a is 2 or 3. 

8. A copolymer according to claim 1 wherein (b+d) is 10 to 50. 

9. A copolymer according to claim 1 wherein each R' is methyl 

,0. A copolymer according to cl«m 1 wherein the ratio. fc to (b^) is 10:1 to 

1:10. 

11. A copolymer according to cUim 1 wherein the ring opened epoxide is 
selected from the Broup consisting of .CH,CH(OH)(CH,XCH(OH)CH.. 
-CH(CH,OH)(CH0vCH{CH,OH}.. .CH,CH(OHKCH.).CH{CftOH}-. 
.(CH,VO™(OH)CH.; and -(CH,).OCH,CH(CH,(OH)).ineaehof whichv i,2to6. 
and av(3.4^xycyclohexyl)alkylene. p-(3,4-epoxycyclohexyl)ethylene. 
p-(3.4-epoxycyclohexyl>p-methylethylene,aDd 
P-(3.4-epoxy-4-methylcyclohexylVP-methylethylene. 
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12. A copolymer according to claim 1 of the formula 
HN(R')(C.Hz.O)bCH(CH,)CH2Nai')- 

(CH,CH(OH)CH,O(CH,),(SiO(R'),).Si(R'WCH0,OCH,^^^^ 
N(R')(C.H,.0).CH,CH(CH,)N(R')>,H wherein y is 2 to 1.000. 

13. A subsuate comprising on at least one surface thereof a copolymer 
according to claim I. 

,4. A s»bs«te «c«dmg to otoim 13 wherein Mid substrate i. elected from 

,he gn»p comsting of MtuUl .od synlheUc fiber. «d no«wo«n n»«=ri,d.. 

,5. A m«hcd of imp-ting durable loAophiUcity to. substretecomprurfng 

applying to said substrate a copolymer aceording to claim 1 . 

,6. A method «:cording to el«m 15 wherein «ud substnrte is sel«*^ ftom the 
group conisting of nan.ua «K1 synthedc nbers MKi ,K»woven m-ehals. 

1 7. A method of imparting durrt.le «.toess to . substmte comprising applymg 
to said substrate acopolymeracconling to claim 1. 

18. A method according to e.«m 17 wherein said substmU, i, sdected ftom the 

g^p conisting of natutal «.d synthetic fibers and nonwoven materials. 

,9. Aperson-c.reformul.tioncomprisingacopolym.r.ecordingtocl«ml. 

a surfactant component, and water. 

10. A personal care formuladon »:cording to claim 1 9 fimher comprising a 

thickener. 



22 



SUBSTITUTE SHEET (RULE 26) 



PCT/US97/03365 

WO 97/32917 

21. A pet»nalo.refonnutaUonwW*U. shampoo «nm»t»taB. copolymer 
.ccording » c.«m 1 . . »rfacuu.t c„mpon»t »lecud f™n .h. group co„si«ing of «uobic 
,„rf.cuau. «npho.«ic surfactants, and mixtures «.«of. . ncionic s.rt>.^ a flucken« 

component and water. 



i 
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